
MARINE PHYSICAL LABORATORY
of the Scripps Institution of Oceanography

San Diego, California 92132

HIGH RESOLUTION, NARROW BEAM ECHO SOUNDER

Eo D. Squier, R. B. Williams, S. P. Burke
and F. H. Fisher

Sponsored by . 2-.2. , $\.\
Office of Naval Research ( .S-- .
N00014-69-A-0200-6002 3

C

Reproduction in whole or in part is permitted
for any purpose of the U.S. Government

Document cleared for public release
and sale; its distribution is unlimited

1 June 1976

SIO REFERENCE 76-8

* .4..!



7 UNCLASSIFIED
SECURItTY CLASSIFICATION OF THIS PAGE (lU0hen bag* Enteed)

REPOR NUMER 2 GOV ACCSSIO N O NT' CTLOGT NUMBER -

A 1. D. queR.hjBrkf.

FH. 0isher

9. PERFOR%4NG ORGANIZATION NAME AND ADDRE5SS -r PROGRAM ELEMENT. PROJECT. TASK

University of California, San Diego, Mari / AREA 6 WORK UNIT NUMBERS

of the Navy, Arlington, Virginia 22217 15
-1- oflfrolllng Ofitce) IS. SECURITY CLASS. (of Cia repot)

77 7 SCHEDULE

'6. OISTRI BUTION STATEmEPLT (of this Report)

Document cleared for public release and sale; its distribution is unlimited.
17. DISTRIBUTION STATEMENT (21 the abstroct enifgredin Block 20. It different ibof" Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Contiue onf ever** aide If nec...ediy anid efill by block 101011111,)

High resolution echo sounder, acoustic returns, scattering layers, and reflec-
tion coefficients. .. I-

&20. ABSTRACT (Coet n frvre si..de If noeeey a" identity by block abou)

is work describes the development of a high resolution echo sounder for us(
with the RIP FLIP. The instrument has a source level of + 227 dBfj±-pa,*a 3 11
beam width of 1' and a receiver sensitivity of - 176 dB/,uPa providing operatinj
capabilities as a bottom sounder for water depths to 2000 tn. The results of it!
operation at sea along with observations of acoustic returns from multiple thii
scattering layers to depth of over 400 m. are included. Graphic examples widei
various operating conditions are presented as well as reflection coefficient!

1measured from bottom returns and acoustic scattering target strenothq L

DD"OZ7 1473 EDITION OIF I NOV 65 1S OSOLETEUCASIFE
S/N @ 10 2-Od1. $60 1 1 IMSFE2:7OIT ':A:i5(T!1



UNIVERSITY OF CALIFORNIA, SAN DIEGO
MARINE PHYSICAL LABORATORY OF THE
SCRIPPS INSTITUTION OF OCEANOGRAPHY

SAN DIEGO, CALIFORNIA 92132

HIGH RESOLUTION, NARROW BEAM ECHO SOUNDER

E. D. Squier, R. B. Williams, S. P. Burke
and F. H. Fisher

Sponsored by
Office of Naval Research
N00014-69-A-0200-6002

SIO REFERENCE 76-8

1 June 1976

Reproduction in whole or in part is permitted
for any purpose of the U.S. Government

Document cleared for public release
and sale; its distribution is unlimited

....m "
F. N. SPIESS, DIRECTORj

MARINE PHYSICAL LABORATORY

MPL-U-69/75



HIGH RESOLUTION, NARROW BEAN ECHO SOUNDER

E. D. Squier, R. B. Williams, S. P. Burke
and F. H. Fisher

University of California, San Diego
Marine Physical Laboratory of the
Scripps Institution of Oceanography

San Diego, California 92132

ABSTRACT

This work describes the development of a high resolution echo sounder for use with
the R/P FLIP. The instrument has a source level of +227 dB/js Pa, a 3 dB beam width of
I and a receiver sensitivity of -176 dB/uPa providing operating capabilities as a
bottom sounder for water depths to 2000 m. The results of its operation at sea along
with observations of acoustic returns from multiple thin scattering layers to depth
of over 400 m are included. Graphic examples under various operating conditions are
presented as well as reflection coefficients measured from bottom returns and
acoustic scattering target strengths.

INTRODUCTION last section, some experimental results from
operations at sea will be presented.

Recent bottom bounce data collected
from the stable buoy R/P FLIP

1/ 
have required I. ECHO SOUNDER SYSTEM

detailed bathymetric data in the bottom
reflection area in order to measure bottom 1. SOURCE
slopes in the vicinity of bottom bounce
points. In this way measured vertical and
horizontal angles of arrival of signals via The source and receiving system block
the bottom bounce path can be related to diagram is shown in Fig. 2; the array
bottom topography, positioning system block diagram, in Fig. 3.

A high resolution echo sounder has The transmitting array is made up of
been developed to fill this requirement. The eight transducers placed on an aluminum plate
echo sounder has a 3 dB beam width of 1 thus 1.27 cm thick by 96.5 cm square (0.5" x 38"
illuminating a 17.5 m diameter spot at a depth square). The transducers are constructed of
of I km. The plate on which the transducer four 4.6 cm square, thickness resonant, barium
array is mounted can be tilted 10" in two titanate blocks butted together. The sides
orthogonal directions in order to measure and rear are backed with a pressure release
local bottom slopes, material, Corprene. The unit is cast in

fhe array has been used at sea mounted polyurethane with an underwater cable and
at 94 m depth on the R/P FLIP in the downward connector, Fig. 4.
looking position as shown in Fig. I. The The placement of the transducers on
array has also been operated with the beam the aluminum plate was optimized for a 1" beam
pointed in a horizontal direction. When and low side lobe characteristics using a
operated in this manner, the system can be computer. The element placement on the
used for the measurement of water particle aluminum plate is shown in Fig. 5 and the
velocity, computer printout of the predicted beam

The details of the echo sounder system pattern for the 8-element array is shown in
are discussed in the next section and in the Fig. 6.

- ".
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SEA SURFACE

LAYERED ~I ~ ~SCATTERING ..

1* SOURCE BEAM

9* RECEIVER BEAM

SEA BOTTOM

Figure 1. Schemiatic diagram of echo sounder on RPPUFLP showing scattering layers.

87 S 04G ANALOG LIE CORD OW R T FLN RVR A RANSDUCERS

EGAI

GRAPHaIC TINIE BANOAAMPl
RDEPTH VARIED FILTEAR LIcENERFlE
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CARLEEEIIN

SIGNAL GUTI

Figure 2. Source and receiver block diagram.
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TABLE I

Source Level ( alculetions

Input power. 400 W + 26 Or

Assume eftlcincy .6d

6 so-
Acoustic power + 20 d

Power to intensity +171 dB/'sft/w

Intensity per transducer +191 dl/pft

Beam width correction)
13036 ) 20 logt + 27 dO

15*at -1OdB )

Array gain 10 log 8 + 9

Source level +227 dl/s
19 5

The 87.5 kHz signal is generated by a
crystal controlled oscillator which is gated

260 o I I to a line driver and transmitted by cables to
0 20 40 60 the outboard units which contain the power

Angle degrees amplifiers for each hydrophone in a separate

pressure container. The pulse rate, width and

Figure 6. Computer printout of source direc- source level are controlled by the inboard
tivity pattern, electronics in the laboratory. The triggering

of the gated pulse can be controlled by an
external signal, allowing synchronization with
the readout recorder.

In sea water, cavitation occurs at about
Each of the eight transducers is driven 1 W/cm 2/atmosphere. The area of each

by a power amplifier capable of delivering 400 transducer is 90 cm2 which yields a cavitation
W at 87.5 kHz, in a pulsed mode operation for limit of 90 W per transducer. For the maximum
pulse lengths up to 100 msec. The power power of 400 watts for each transducer, the
amplifiers are driven in parallel producing a minimum pressure is 400/90 = 4.4 atmosphere
source level of +227 dB/MPa (Table I). The which corresponds to a minimum depth of 46 m
source level estimate of Table I is in for safe operation at full power.
agreement with a level obtained by extra-
polating a measurement made at lower power on 2. RECEIVING SYSTEM
a single transducer.

Electrical driving power is provided by The receiving hydrophone is of similar

an inboard 60 V, 2.5 A regulated supply. A construction to the transducers shown in Fig.

22,00op F storage capacitor is provided at 4 with some additional electrostatic shield.

each power amplifier. The energy stored by The hydrophone unit is mounted on the same

this capacitor is 40 joules. The capacitor array plate as the transducers, Fig. 5. The

is charged through 100 ohms. This time significant hydrophone characteristics are

constant of 2.2 sec and the stored energy put listed in Table II and the measured receiving

a maximum limit on the operating duty cycle of hydrophone beam pattern is presented in Fig.

the echo sounder. For bottom sounding work a 7.
3.5 masec pulse at 2 sec intervals was chosen. The hydrophone is transformer-coupled
This is a duty cycle of 1.75% with .7 joule of to a low noise preamplifier. Diode limiters

energy being used. are used at both the input and output of the

Though the nominal design frequency was pre-amp to reduce the overload caused by the

90 kHz the exact operating frequency was close proximity of the high level source

chosen by comparing the driving current phase pulse. The pre-amplifier is followed by an

of each of the eight transducers. A frequency 87.5 kHz band pass filter, a remote gain

of 87.5 kHz proved to be the best choice, with controlled amplifier and a differential line

maximum electr4:al phase errors of 20" between driver all located in a pressure container at

the various units. the back of the array. A six conductor 400 ft

4
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TABLE I TABLE 1

Receiver (.hlacg teistics
Receiving Hydrophune (Ser. I I 1- 72)

Outboard Galn Cain Outpst Noise 8q11v. 1 Ni
Sensitivity at 87. S k~lz -176 dB/AsPa

I 70dB 58dW -Us der

3 dB Beamwidth 9
°

2 85 45 -130
IU dB Bearnwdth Is*

360 3 100 30 -130
Directivity index (20 lug 5 27 dB

4 107 23 -13D
First side lobe level 24 dB

Overall mndp se 6.3 kHz 38 dB
First side lobe angle 14'

Noise spectrum level I cycle band -168 dB
Impedance 300fl in series

with 4700 pf

180-

The bottom return depth resolution is
determined by the receiver bandwidth, t= Ad/C
= l/BW. The 6.3 kHz bandwidth will allow a

0 dB resolution of Ad = D/it - (1500 */sec)/ 6.3
kHz = 24 cm.

20 3. TIME VARIED GAIN

After the first sea test a time varied

30 gain circuit was added in which the gain is
increased at a rate that approximates the
losses introduced by spherical spreading and
absorption (Fig. 8) as reported by Bezdek.-

/

RECEIVING ARRAY The output of the T.V.G. circuit drives
DIRECTIVITY PATTERN a graphic depth recorder for a display of all

echo returns to the system. From Fig. 8 it is
0. seen that the T.V.G. does not fully compensate

for the total spreading and absorption loss at

Figure 7. Receiving hydrophone directivity the maximum range.
pattern. 4. ARRAY POSITION CONTROL

The array base plate is mounted on a
cable is used for power and the signal on a carriage assembly that can be tilted from the
balanced line and for remote control of the normal vertical beam position by 10" in any
gain. The inboard receiver consists of a direction. This is shown in Fig. 9 mounted at
differential line receiver, band pass filter, the bottom of FLIP. This allows profiling of
time varied gain stage and a precision depth a small bottom area. The positioning of the
recorder (see Fig. 2). The inboard filter array is by two hydraulic linear actuators
output should be used where accurate amplitude controlled by electrically operated solenoid
information is required. Table III lists the valves. The hydraulic pump is located inboard
receiver characteristics. with pressure hoses running the length of

The thermal noise spectrum level for an FLIP's hull. The array position angle is

equivalent input resistor is -173 dBv as monitored by two linear variable differential

compared with the performance measurement of transformers (LVDT), with inboard readout

-168 dBv. The noise measured in a calm sea (Fig. 3). Computer control of the plate will

with the array located 86 m below the surface ultimately be included. In this way, the

(and pointed down) is at the instrument noise motion of FLIP obtained with an inertial

pressure spectrum level of +8 dB/uPa. This is guidance system can be included directly into

lower than the expected sea surface noise of on line processing to obtain the bottom slope
+12 dB/juPa for a sea state zero. data.

t5
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6C

40 TM AIDGI

(~20

0

0 4 1 12
Tt, seconds

Fiq(ure? 8. T.V.G. characteristics of rocei wer syiste'm.

Figure 9. Photograph of array for bottom sounding on bottom of FLIP.
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For making measurements of horizontal surface is about 360 m from the array. The
water velocities in the horizontal looking surface produced strong interference with the
mode of operation, it was necessary to modify main beam which receives energy only from weak
the array. The tilt mechanisms were removed scatterers in the medium.
and the array plate was rotated 90" with a In order to reduce the side lobe
hydraulic motor. The array is fixed into the response an acoustic collimator was added to

0 or 90" position by a solenoid operated the array (Fig. 10). One inch thick sheets of

locking pin. The motor and locking solenoid sound absorbing rubber were placed in a

are powered by the inboard hydraulic pump. series of rings torward of the transducers as
well as on the inside of a cylindrical shell

S. COLLIMATOR between the array plate and the rings. This
reduced the interference caused by the

With the array in the horizontal mode receiver side lobes especially when the array
intersection of the 14* side lobe with the is used in a horizontal looking mode.

COLLIMATOR

ELECTRONICS

PACKAGES / 7 - : \0 1 7 7 I

8 ELE MENT "

ARRAY .

_ ARRAY ROTOR .

FLIP

Figure 10. Artist's illustration of echo sounder.
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Il .-ul i T.t r rdia i mut c. iboot measure the array source performance.
m from the buttuti ot 11.11' is showin 11111. Directivity patterns with and without the
11. lo protec t the ir a 'from wave damage, collimator were made as well as source level
-;teel :ahle tic duwn are used. Once FIO is measuremerits. Th e array was operated at a

11 tie %ert-lt I ) I t105 ion , e xpl o s i , , abl e dept h of 18 mi which requi red limit ing the

ct tt e rs arc ic:t I cted to free the a rr ay for power tc prevent cavitation. Th e calibrated
rotation. receiving hydrophone was placed 125 m from the

array to insure far field measurements.
n.SOIUI CALIBllRA1ON Beam pattern, displayed side lobes at

about 1.5' ariA 3.5* as predicted. The main

rhe Marine Physical Laboratory's, Like beam to first side lobe level appeared to be

San icntte -al ibrat ion facility-l was used to omttewbit lower than expected. This may be due

Figure 11. photograph of arrayJ with collimator on FLIP.
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to difficulties in maintaining the geometry BOTTOM REFLECTION
between the array and receiving hydrophone.
Water flow currents in the lake might cause 1389 .... .. . . . .
slight tilting of the array, thereby reducing ......... ......... .......... .....
the main beam peak. With 12S m between source
and receiver a .5" tilt would result in a I m -__-__-__ --___......_._....___.....____

depth error and reduce the received signal --- - - -------
level by 3 dB. Figure 12 is an example of the -4Zo 1426 -. . . . . . . . . . . . . . . . . .. .

directivity patterns produced by this E
experiment, the main beam is about 7 dB above ,
the first side lobes. - ......... ......... ......... .....

1B0'46----------------- --------- --------- -----

180" 1463 ..........--- -- -- ------- -- ---- ---. ....

1500 -

, 0Figure 
13. t;clp rNcord of bottom r,,flect2ons.

20

2D"CTIVITY PATTERN

0, TABLE IV

Figure 12. Transmitted beam directivitti pat- Bottom Reflection coefflcient Ditancc to Bottom 1400I m

tern.

Source level 227 dB/MPa

Received spectrum level 66 dB/!PaS3 dB

The collimator proved to be quite
effective in reducing the level of the side Spreading loss 20 log (2 x depth) 69 dB

lobes at angles greater than 20" from the main Absorption loss 21 4/Km
--'/  

58 dB
beam. The level reduction is about 20 dB.

The source when operated at the reduced Reflection coefficient 34 dB±3 dB

power of 50 watts per transducer produced a
source level of +219 dB//pPa. Extrapolating to
the normal operating level of 400 watts
indicates a source level of +228 dB/pAPa which *Bezdek didadditlonal work at 90 kHz.
is one dB higher than the estimate of Table I.

II. EXPERIMENTAL RESULTS The maximum depth capability estimated

from these measurements i. given in Table V.
I. BOTTOM RETURNS For 400 watts electrical power to each trans-

ducer and with the present receiver noise
Echo returns from the bottom are shown input levels, the system is limited to depths

in Fig. 13. The reflection coefficient of the of about 2000 m.
bottom was calculated as shown in Table IV. A decrease in input noise to the

The measured reflection coefficient of theoretical minimum would add a maximum of S
-34 dB is in excellent agreement with a value dB to the signal to noise ratio. Increasing
determined by Bezdek

2 / 
at 75 kHz in approxi- the source power to 1000 watts per transducer

mately the same area; his measurements were would add another 4 dB. This 9 dB increase in
made near the bottom, however, and obtained an signal to noise would increase the depth
average amplitude reflection coefficient of capability for bottom echo sounding only to

0.018 corresponding to -35 dB. Note that a 2200 m, assuming a -34 dB reflection
weaker(47 dB) echo appears just above the coefficient at the bottom. The increase in
bottom echo. We do not yet know how to range capability is small because of the large
explain this echo. absorption coefficient.

9
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IA LES 1, three point moor near San Diego 117"241',
32'11'N in 1410 In of water during J-nuaryMaximum Deph (CipbIlly of Pyrsemn Svr 1975. Tne source was keyed with a .6 is pulse
every 2 seconds. for this first operation of
the echo-sounder the signals were recorded on

Source leveI l 227 dB!pa a graphic depth recorder without the use of
electronic fT.V.(;.) compensation for sperhical

wuckgruund noise 8 d'IPa Spreading and absorption. Distinct layering
of the backscatter is evident. The individual

Signal to noise I cycle hand 219 dBi layers can be fol lowed as they vary in depth
with a period of approximately 20 minutes andBandwidth 1h di a displacement on the order of S m, suggesting
internal wave action. The layer thickness wasBottom loss 34 dB no greater than 2.5 cm; shorter pulses are

14-dB needed to determine if the layers are thinner.,Net signal to noise •17d

Initially we reportedA-/  reflection
Maximum deph 19M m coefficients for these layers, assuming we

were dealing with specular reflection from the
layers. One of the problems in analyzing the
data is that FLIP's motion makes it somewhat
difficult to follow echoes from a particular
layer. Subsequent work convinced us that we

2. ACOUSTIC LAYFRING AND INTERNAL WAVFS Were, in fact, receiving echoes from
individiul scatterers populating these layers.Acoustic echo-sounding recordings have Mat is, even though layers appear to be

shown the exist,-nce of multiple thin layers at Nomewhat continuous on a GDR record we are
depths of from 98 down to 470 m. The record looking at scatterers which drift through the
in Fig. 14 was obtained when FLIP was in a transmitted beam with a dwell time in the beam

corresponding to the relative drift between
FLIP and the scatterers.

Target strengths calculated for these
catterers are shown in Table VI. It is seen

94 7 that the target strength increases with depth.
A scattering layer 20 m thick and at a

depth of 25( m, as seen in Fig. 15, remained
at a constant depth until 1650 hours, and then
moved up passing the array depth of 94 m at
1730 hours.

An oscilloscope trace displayed in Fig.
16 is a portion of a typical received signal

-' -'.,- showing the variation in amplitude of the
returns. The echo level variation
observed in Table VI at the depths of 245-284
and 319 meters is evident.

The instrument was operated at sea a
second time in May 1975. The first station.- was at 120"40'W, 30"S4'N in 3840 m of water

20B5 with FLIP drifting in the vertical position.
The receiver overload time had been reduced to
17 ms The time varied gain circuit in use at
this time gave a greater usable range to therecorder. Figure 17 shows strong internal

2-2 - -- wave action. The density of the layering was

. . . . . .. . .. ... ---s i m i l a r t o t h a t o b s e r v e d i n J a n u a r y . T h e
horizontal lines are artifacts dueto the air-
sea surface reflection as seen with a back
lobe of the array, and hull reflections be-279 cause the array was mounted about 5 m above

0 Time. ,nnutes 10 the bottom of FLIP.
A difference in these later records

from earlier ones can be noted in the area
Figure 14. G;DR rc'cord showinq layrlring ard near the array. This is possible because of

intornal wav, action, the shorter receiver recovery time. Returns

i 0
"" i .. ....... ..... ... .. .. .. ... ..... .. ......I ..... ... ....... '......... .... . . lil'lr

'r' ' '-
llil . .... . .......-
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I ABLE Vi TIME-AMPLITUDE DISPLAY
Layered Scattrers as. Obseerved from F-LIP
with 87. 5 k-Hz Narrow Beam Echo Sounder

Depth (d) Echo Level Total L.- Target Streingth
m dB/jAPa dB lEst. error 3 481

dil

146 94 7( -63

169 88 7)1-0

207 84 87 -S6

319 77 103 -47

34 67 ill -49

137 97 7'0 60

179 91 82 54
2087 97-24530

235 8 93 -Depth, meters
310 77 103 -47

385 72 Ill 44 Fiqure 16. Oscillograph tract shjowinq fypi -

___________________________ ________cal echo returns.

141 99 72 -7

160 x7 '5. 2

215 ' 1 S

310. 69 1013-

3?6 66 I -5o,

Date Locat ton WVater Depth

30 faruary 1975 11I'24'W 32 1I'N 1410n,
26 May 19'5 120*40 W 30) 54*N 3K43 n,
29 May 1979 11732"A 32 29N\ I1ISO m

Total Io....n 2(20 log 1) .0121(2,1)

390-

103MN

Fiue1205rcr-hwnym~a nupado e

2c4e2n a rJnar )5

279 - I



S r, m HSIO Reference 7b

85

19 9

237

2 7 5 -- -- . ." " " . . ' ' - ..

0 20

Time, minutes

Figure, 17. GDR record qhowinqr hjr:;p amplitude internal waves, May 1975.

down to 115 m appear as individual groups. The second station of the May 1975
Oscillations at about the 20 minute internal operation was made at 117'31.5'W, 32"29'N in
wave period can still be seen at these 1180 m of water. At this location near San
shallower depths. When observing the returns Diego, the number of layers was less than that
at close range it should be remembered that recorded at the deep water station. Figure 21
the near field range is about 60 m. was made at this location. A scattering layer

Movement of scatterers toward the can be observed moving to deeper water
surface is evident in the recording made beginning at 0549 hours. Again, some large
between the hours of 1900 and 2000, (Fig. 18); targets appear for which we have no
between the hours of 0545 and 0645 the explanation as yet.
movement is away from the surface (Fig. 19). During one phase of the operation the

Large targets were observed at various array was turned 90 to a side looking position
times as seen in Fig. 20. They appear to be (Fig. 22). The scatterers can be seen
just under the surface as seen with the back moving ,way from FLIP. The slope of this
lobe of the array. No explanation is movement indicates a relative water current of
available yet regarding the nature of these 15 cm/sec with respect to FLIP along the axis
targets. of the transmitted beam.

12
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85

123-. -ar *

S161

E

275- ______________ _

1920 2000

Time, 26 May 1975

Fl jure 18. GD8R crd P W 4 t- rst 1, iAIr at -r ilwdr F.,ri I o!

deep sca'.rlrnlq ,

85- ..

12 3-* .-

161 >

0) -4-

237+ -- ,r

275
0555 03

Time, 27 May 1975

F qiur. 19. (;DR rccord showiml ott lavor- aft- r dow~nward
rru(Iratlr)) o! C-1) -Cattvriur, Ia'p r, ma!; 1975.
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85

12 3

E

-C

1237

pr 16 -- F'

0 199-0

1237

27

0540 0600 0620

Time, 29 May 1975
Figrure 21. GVIR rocord lay,-r ot lazr'c(w,' of rn1~ ridor i in zjolno

down, Mail )Q75.
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(A 0

!#

101

iW

0 38 76 114 152 190
Range, meters

-.

Figurt, 22. GOR rocord with array in horizontal notd,' showing

on(, component of current drift relative to FLIP.

I1. CONCLUSION This work has been sponsored by the
Office of Naval Research under Contract

N00014-69-A-0200-6002°
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